Background: There is increasing evidence that metabolic adverse effects associated with antiretroviral therapy may translate into an increased cardiovascular risk in HIV-1-infected patients.
INTRODUCTION
The widespread use of highly active antiretroviral therapy (HAART) has converted HIV-1 infection into a chronic manageable illness that needs lifelong therapy. However, HAART is associated with metabolic side effects including hypercholesterolemia, hypertriglyceridemia, insulin resistance and more rarely diabetes mellitus, and possibly arterial hypertension [1] [2] [3] [4] . HAART-associated dyslipidemia is associated with accelerated atherosclerosis [5] [6] [7] and signs of endothelial dysfunction [8] . How all these facts are *Address correspondence to this author at the Infectious Diseases Unit, Hospital de la Santa Creu I Sant Pau, Av. Sant Antoni Mª Claret, 167, 08025, Barcelona, Spain; Tel: +34935565609; Fax: + 34935565938; E-mail: pdomingo@santpau.es or pere.domingo@uab.es translated into clinical events of cardiovascular disease on a population level has been examined by a number of studies including cohort studies from the French Hospital Database [9] , the HOPS Cohort [10] , and the D:A:D multicohort study [11] [12] [13] . Overall, data from these cohorts suggest an increased risk of coronary heart disease (CHD) for HIV-1-infected patients on HAART [9] [10] [11] [12] [13] .
To assess the risk of treatment-associated cardiovascular risk factors, we performed a cross-sectional analysis of the HIV-1-infected patients included in the Spanish VACH Cohort. The objectives of the present analysis were to determine the proportion of patients with an increased risk profile for cardiovascular disease. Furthermore, we tried to identify factors associated with the increased risk profile. Addition-ally, our research was focused on the management of dyslipidemia in our cohort.
PATIENTS AND METHODS

Design
The study is a multi-centre, cross-sectional study of the prevalence and management of dyslipidemia and other established CHD/CVD risk factors in all HIV-1-infected subjects, aged 18 or above, treated with HAART, in routine clinical practice from the Spanish VACH cohort treatment centers. Characteristics of VACH Cohort have been described elsewhere [14] .
Study Population
Male or female subjects aged 18 years or above at the time of enrollment with a documented HIV-1 infection, which attend VACH cohort outpatient HIV-1 treatment centers for routine, scheduled, clinical appointments, were eligible for this study.
In order to be eligible, subjects must have been on at least three antiretroviral drugs, at the time of the study visit. Antiretroviral (ARV) naïve subjects or ARV experienced, but currently untreated subjects or those currently treated with NRTI bi-or mono therapy were not eligible for this study. However, for the purpose of the study, we included patients treated with 3 NRTIs. Subjects who were hospitalized or have a frank cognitive impairment such as delirium or dementia on enrolment were not eligible either. Informed consent was obtained from the patients at study entry
Data Collection
In the VACH Cohort, data are prospectively collected according to standardized criteria, and are electronically stored in the Aplicación de Control Hospitalario (AC&H TM ), an application specifically developed for the management of the cohort data. On enrolment, standardized data collection electronic forms were completed at the sites providing information from physical examination, patient interview and patient case notes, concerning family history of coronary heart disease, patients' prior history of CVD and diabetes, cigarette smoking, blood pressure, therapy for diabetes mellitus, lipidlowering and anti-hypertensive therapy, the presence of clinical signs of lipodystrophy and fasting serum lipid levels. Further, all cumulative data characterizing the patient's underlying HIV-1 infection since inclusion in any of the individual cohorts were collected, including information on demography, antiretroviral therapy, CD4 cell counts and HIV-1 viral loads. Dates of diagnosis of all AIDS-defining diseases are recorded, using the 1993 clinical definition of AIDS from the Centers for Disease Control and Prevention [15] .
VARIABLES
HIV-1 Laboratory Parameters
CD4 cell count was stratified in strata of 100 x 10 6 (cells/l) or assessed as a continuous variable (log 2 transformed). Similarly, HIV-1 RNA was stratified in strata of: < 500, 501-10 000, 10 001-100 000, and > 100 000 copies/ml, and also assessed as a continuous variable (log 10 transformed).
Antiretroviral Therapy
Four categories were predefined: (i) currently receiving only NRTI; (ii) currently receiving NNRTI and NRTI but not PI; (iii) currently receiving PI and NRTI but not NNRTI; or (iv) currently receiving PI, NNRTI and NRTI. Previous antiretroviral therapy exposure was modelled as cumulative time spent using each of the three drug classes.
Cardiovascular Risk Factors and Managing Therapies
The grouping of the risk factors assessed was defined prior to the initiation of the analysis. CVD risk factors were assessed as dichotomous categorical variables, where the cut-off levels chosen were conservative estimates of 'high risk' based on levels used for risk scoring in the background population [16] [17] [18] [19] . Patients were considered to be at high risk for CVD if they had dad a prior CVD event or had diabetes or more than two risk factors accounting for a CVD 10 yr risk > 20%. Moderate-high risk was considered if patients had more than two risks factors accounting for a CVD 10 yr risk of 10-20%, whereas moderate risk was considered when patients more than 2 risk factors and a CVD 10 yr risk of less than 10%. Finally low risk patients were those who had no or only a risk factor.
Cardiovascular Risk Calculation
Ten-year CHD risk estimates were calculated in accordance with the equations of Wilson et al. [16] with use of sex-specific risk calculations based on age, total and HDL cholesterol levels, systolic and diastolic blood pressure, presence of diabetes (defined as a fasting glucose level of 140 mg/dL), family history of CHD, personal history of CHD, and smoking status. The equation estimates the 10-year risk for CHD events, including angina pectoris, myocardial infarction, and death due to CHD.
Statistical Analyses
We used frequencies, percentages and its 95% CI to describe categorical data, and median with interquartile range (IQR) for continuous variables. Univariable analysis was performed by means of the chi-squared and the KruskalWallis tests to compare categorical and continuous baseline demographic, clinical and laboratory characteristics. Association of CVD risk factors with antiretroviral therapy, demographic, clinical and laboratory parameters were tested in univariable logistic regression models. Multivariable logistic regression was then performed to identify parameters independently associated with the presence of CVD risk factors. The multivariable model included all parameters significantly associated with the risk factor assessed, at a level of p<0.05 in the univariable model.
The analysis was performed using SAS version 9.1.3 software (SAS Institute Inc, Cary, North Carolina, USA) and the level of significance was established at the 0.05 level (two-sided).
RESULTS
Demographics
By April 2004, the central database contained information on 2358 patients enrolled in VACH from fifteen participating Hospital cohorts. The patient characteristics are shown in Table 1 .
Antiretroviral Therapy
On enrolment, 9.9% were receiving a regimen containing NRTI only, 46.4% were receiving NNRTI-based therapy, 41.9% PI-based therapy and 1.7% was on a regimen containing all three drug classes ( Table 1) . Sixty four percent of patients taking PI-based therapy had ritonavir-boosted PI on board while 0.02% were taking atazanavir. Overall, 72.6% of the study population had at any time been exposed to PI with a median exposure time of 3.3 years (IQR, 0-5.8 years), 67.0% had been exposed to NNRTI with a median exposure time of 1.5 years (IQR, 0-3.6 years) and 99.9% had been exposed to NRTI with a median exposure of 4.3 years (IQR, 2.0-6.2 years) ( Table 1) .
CVD Risk Factors and Association with Antiretroviral Therapy
CVD risk factors were prevalent in the study population ( Table 2 ). More than 18% of the study population was in an age group constituting a CVD risk factor. Thirteen percent had a family history of coronary heart disease, and 1.7% had a previous history of CVD. Almost 60% of the study population was current cigarette smokers.
Serum Total Cholesterol
The association of antiretroviral therapy with lipid levels is shown in Table 2 . Assessed from median cholesterol levels ( Table 2 ) and in univariable models (Table 3) , patients currently using regimens containing all three drug classes were at increased risk of having a high total cholesterol when compared with patients using regimen containing only NRTI. This pattern remained unchanged after controlling for other risk factors ( Table 4) . In a univariable logistic model for cumulative antiretroviral therapy exposure time, the OR increment of risk for elevated total cholesterol was 9% (p=0.005), 2% (p=0.251) and 2% (p=0.314) per year of exposure to NRTI, NNRTI and PI, respectively ( Table 3) . The level of immunodeficiency and plasma HIV-1 RNA were independently associated with elevated total cholesterol after adjustment for other factors (Fig. 1) . Overall, the adjusted risk of having elevated total cholesterol increased by 31% per twofold increase in CD4 cell count [OR, 1.31; IC95%: 1.16-1.47 per log 2 CD4, P < 0.001] (Fig. 1) . In all antiretroviral therapy groups, higher HIV-1 viral load was associated with a decreased risk of elevated total cholesterol (Fig. 1) ; overall the adjusted OR was 0.77 (95%CI: 0.68-0.88), P < 0.001, per 1 log 10 increase in HIV-1 RNA.
Serum Triglycerides
In a univariable logistic model for cumulative antiretroviral drug exposure time, the OR for elevated triglycerides was 1.05 (95%CI, 1.02-1.09), 1.02 (95%CI, 0.97-1.07) and 1.06 (95%CI, 1.02-1.09) per year of exposure to NRTI, NNRTI and PI, respectively, associations essentially unchanged in the multivariable model (Tables 3 and 4) . Overall, the ad- 
Serum HDL-Cholesterol
None of the current regimens were associated with an increased risk of low HDL-cholesterol (Tables 2-4) in the multivariate logistic model. The associations of CD4 cell count and HIV-1 viral load were similar for the absolute value of HDL-cholesterol and for total cholesterol.
Hypertension
More than 20% of the study population had hypertension. In a univariable logistic model, regimens containing NNRTI, PI or both drug classes were associated with a non statistically different risk of being hypertensive (Tables 3 and 4) which was explained by a strong correlation of hypertension with other factors (age, sex and BMI).
Diabetes
The overall prevalence of diabetes was 7.3%. In a univariable model, all regimens were associated with a differen- (Tables 3 and 4) . The adjusted multivariate increment of risk per year of exposure was 8% for NRTI (p=0.011), 10% for NNRTI (p=0.031) and 4% for PI (0.243) ( Table 4) .
Body Composition
In all regimen groups there were few obese patients (Table 2). Antiretroviral therapy was highly associated with the presence of clinical lipodystrophy, with the highest risk among patients receiving a regimen containing all three drug classes (Tables 3 and 4) . When assessed as an explanatory variable, lipodystrophy was associated with the presence of several of the CVD risk factors discussed above ( Table 5) . In a multivariable model including the total study population, and adjusting for co-variables as listed in Table 5 , the adjusted OR for the association of lipodystrophy with elevated total cholesterol was 0.90 (0.65-1.23; P = 0.494), elevated triglycerides 1.36 (1.06-1.75; P = 0.017) and decreased HDL 1.19 (0.90.1.58; P = 0.214). The presence of lipodystrophy was associated with an increased risk of hypertension and diabetes OR, 1.47 (95%CI, 1.14-1.90; P = 0.003) and 1.71 (95%CI, 1.17-2.49, P = 0.005), respectively.
Cardiovascular Risk Assessment
Ten-year CHD risk estimates for HIV-1-infected subjects treated with HAART in the VACH cohort are shown in Table 6. There was no clustering of CHD risk for any treatment group. The 10-year CHD of moderate-high or high risk estimate was significantly increased among HIV-1-infected patients with fat redistribution, compared with that for those with no redistribution: 48.5% versus 37.9%, (P < 0.001) ( Table 5) . Ten-year CHD risk estimates were studied by current HAART regimen ( Table 6 ) and by cumulated ART exposure ( (0.52-2.46; P = 0.756), and 1.91 (0.48-7.57; P =0.359) for NRTI, PI, NNRTI+PI current ART regimens, respectively.
Lipid-Lowering Therapy (LLT)
The proportion of patients who fulfilled criteria for being treated with LLT were 11.3%, 18.5%, 17.9%, and 26.8%, respectively for patients treated with NRTI only or with NNRTI, PI or NNRTI and PI, respectively (P = 0.0243). However, only between a fourth and a fifth of those patients were currently receiving LLT.
DISCUSSION
In the VACH population we have observed a high prevalence of multiple risk factors for CVD. VACH has the strength of having included more than 2000 treated patients with details concerning CVD risk factors, with an almost insignificant proportion of missing data. Similar to other studies [13] , we found that regimens containing drugs from both the PI and NNRTI classes were associated with the highest prevalence of dyslipidemia. Furthermore, we also observed that hypercholesterolemia was associated with a higher CD4 cell count, a lower HIV-1 plasma viral load, the presence of clinical signs of lipodystrophy and older age. These findings, and those of others [13, 20] , suggest that immune reconstitution phenomena may play some role in the development of antiretroviral-associated dyslipidemia.
However, our findings have inherent limitations. Firstly, our findings are not applicable to other populations since the diversity of the study population, including women, minorities and means of acquiring HIV-1 infection, implies that the study may not be representative of the HIV-1-infected population in other industrialized countries. Furthermore, the Mediterranean basin is an area of low incidence in terms of coronary heart disease and its risk factors, which may make comparisons with similar studies difficult [21, 22] . However, our study suggests that even in such an environment, HIV-1-infected patients on HAART develop comparable metabolic disturbances to other geographically-based cohorts [23] [24] [25] . Since information concerning certain other potential risk factors for CVD, such as diet, physical activity and genetic factors, was not collected in our study, this may restrict the validity of our findings only to populations similar to ours.
Other limitations are related to the observational design of the study. Firstly, the results presented are only associations from which no conclusions regarding causality can or should be drawn. Secondly, due to the observational design of the study, many measurements (blood pressure, lipid levels) are expected not to be always conducted in a uniform manner. However, international and national standardization of serum lipid measurements have been accomplished throughout the guidelines of the NCEP ATP II and the Spanish Society of Hypertension [19, 26] . On the other hand, the relatively low proportion of missing data should be noted (Table 1) , which implies that the prevalence of the individual risk factors is precise. Dyslipidemia was most strongly correlated with antiretroviral regimens currently being used, and less with a history of previous exposure to the different drug classes. This is consistent with previous reports, in which the PI-associated dyslipidemia occurred shortly after beginning therapy [27, 28] and it is also consistent with studies showing that a switch from PI to NNRTI-based or NRTI-only regimens is associated with attenuation or resolution of dyslipidemia [29, 30] . The average increases in lipid levels [2, 13, 31, 32] , comparing levels during PI therapy with either pre-therapy levels or levels in PI-naïve HIV-1-infected patients, were 28% for total cholesterol and 96% for triglycerides. We observed no difference in risk of low HDL-cholesterol among patients treated with PI, NRTI or NNRTIs, data reported by others as well [13, 26] . Duration of PI therapy did not influence the level of HDL cholesterol [32] , whereas duration of NRTI was associated with a higher risk of low HDLcholesterol.
The association between NNRTI-containing regimens and dyslipidemia has rarely been reported [13] , although, in phase I studies of efavirenz in HIV-1-uninfected subjects revealed increases in total cholesterol levels of 10-20% in some subjects [3] , whereas cohort and trial data suggest that 18-20% of NNRTI-treated patients develop dyslipidemia [23] [24] [25] 34] . Although a different lipid profile between the two NNRTIs used has been frequently claimed [30] , no differences were reported in HIV-1-infected individuals [35] . In concordance with our results, an increase in HDL-cholesterol with NNRTI has been reported [36] . Consistent with previous reports, NRTI-only therapy was associated with lower rates of elevated total cholesterol [35, 37] .
We found a strong association between elevated total cholesterol level and higher CD4 cell counts, which was present within each treatment category. Nevertheless, within each CD4 cell count stratum, the effect of antiretroviral therapy was clearly observed, which indicates that the effect of antiretroviral substances certainly cannot solely be explained by a reversal to 'normal' pre-disease cholesterol levels as a result of improved cellular immunity. The level of HDLcholesterol, although to a lesser extent, likewise increased with more conserved cellular immunity, consistent with observations in the pre-HAART era [38] . For total cholesterol, the association with HIV-1 viral load was the inverse of the association with CD4 cell count. The latter has also been reported from other studies [39] . However, it could also be possible that these findings merely reflect the cumulative exposure to antiretrovirals.
In the VACH study, we have observed a high prevalence of other known and potential CVD risk factors among patients receiving either PI or NNRTI, including cigarette smoking, diabetes, hypertension and altered body composition. The overall prevalence of diabetes mellitus in the VACH study was 7.3%, similar to other studies that have shown an association between diabetes mellitus and use of PI [1, 27, 31] , and recently with NRTI exposure [40] . A few studies have reported an increased prevalence of hypertension in PI-treated patients [3, 4] or in conjunction with lipodystrophy [41] . In our study, the associations between antiretroviral drug regimens and hypertension in univariable logistic models were no longer present after adjustment for other factors associated with hypertension. This is in odds with data from the DAD cohort showing no deleterious effect of any class of antiretrovirals on blood pressure [42] . There was a marked association between dyslipidemia and several of the other CVD risk factors on the one hand and clinical lipodystrophy on the other [43] . Current guidelines for the management of dyslipidemia in HIV-1-infected patients have been developed [44] . Assuming that dyslipidemia in HIV-1-infected will have similar long-term consequences to dyslipidemia in the general population, these guidelines also assume that the benefits of lipid lowering interventions will also extend to HIV-1-infected persons, and thus these are based on CVR stratification while the goals to be achieved are based on target values for LDL cholesterol and non-HDL cholesterol [43] . Despite that, we found that only between a fourth and a fifth of patients in our cohort needing LLT were effectively being treated, a figure somwwhat higher than those reported in previous years [34] . This finding may have many causes, but among them the lack of LLT knowledge by HIV-1 treating physicians might be considered. In a recent report, it was shown that when dyslipidemic HIV-1-infected patients were addressed to a specialized lipid clinic, the percentage of those being treated with LLT significantly increased [45] .
Recently, the issue of how young persons, with a low absolute risk may be at a substantially relative higher has been addressed in the European guidelines [46] , and this is particularly the case for HIV-1-infected patients because even if its absolute risk is low, it may still be 10-12 times higher than that of a person with low risk factor, usually because the addition of cumulative risk factors. The present study shows that the use of potent antiretroviral therapy resulting in more profound virus suppression and more preserved immunity, was associated with a high both relative and absolute risk of exhibiting risk factors for CHD. How these projections will translate to clinical events of CHD is difficult to predict, since it is assumed that there presumably will be a time lag from when factors known to accelerate the atherosclerotic process are induced and until clinical manifestations of atherosclerotic vascular disease occur. Present evidences suggest that HIV-1-infected patients have a 27% yearly risk of developing a cardiovascular event [47] . As many of these factors are likely to act synergistically, together with the underlying HIV-1 infection itself the time-lag cannot be reliably assessed. However, ongoing studies such as DAD [13] may provide fruitful comparisons between expected and observed CVD event rates [48] . Clearly, the management of CVR factors among our HIV-1-infected patients needs to be improved, and must follow two paths: a continued need for developing less harmful and better tolerated effective treatments for HIV-1 infection together with a better knowledge of pharmaceutical and non-pharmaceutical measures directed at reducing CVD risk by HIV-1 physicians. Given the high prevalence of smoking among our patients, strategies to quit smoking will likely prove costeffective in preventing CVD in HIV-1-infected patients.
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APPENDIX: CUTT-OFF VALUES FOR SPECIFICA-TION OF CVD RISK FACTORS IN HIV-1-INFECTED PATIENTS
The specification of risk factors is as follows. (i) Dyslipidemia: defined as elevated total cholesterol > 6.2 mmol/l (240 mg/dl), and/or decreased HDL-cholesterol < 0.9 mmol/l (35 mg/dl), and/or elevated triglycerides > 2. 
